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Purpose: The purpose was to compare the frequency of metastatic and nonmeta- 
static lymph nodes diagnosed by fine needle aspiration biopsy cytology (FNAC) 
and thyroglobulin concentration from fine needle aspiration biopsy washout fluid 
(FNAB-Tg) in an indeterminate range (0.2-100 ng/mL), and to evaluate the most 
appropriate threshold value of FNAB-Tg in an indeterminate range. Materials 
and Methods: We performed ultrasound-guided FNAB and FNAB-Tg in suspi- 
cious metastatic cervical lymph nodes of papillary thyroid carcinoma and per- 
formed surgery. Ninety-five lymph nodes with indeterminate values of FNAB-Tg 
ranging from 0.2-100 ng/mL in ninety-two patients were included in this study. 
The diagnostic performances in multiple Tg levels (0.7, 1.0, 5.0, 10.0, 20.0, 50.0) 
were evaluated to compare with FNAB cytology using sensitivity, specificity, and 
accuracy with area under the curve (AUC) analysis. Results: Forty-two were met- 
astatic lymph nodes and fifty three were nonmetastatic lymph nodes. FNAB-Tg 
ranged from 0.22 to 90.9 ng/mL in metastatic lymph nodes (mean; 34.3±33.3 ng/ 
mL) and 0.20 to 56.7 ng/mL in nonmetastatic lymph nodes (mean; 4.9±11.1 ng/ 
mL) (/?<0.001). The most excellent diagnostic performance was displayed in 5 ng/ 
mL of FNAB-Tg with AUC of 0.76, sensitivity, specificity, accuracy, 69.0, 83.0, 
and 76.8, respectively. However, there was no significant difference from 10 ng/ 
mL FNAB. Conclusion: We ascertained that 5 ng/mL yielded the most excellent 
diagnostic performance among FNAB-Tg levels in the present setting with a large 
series with the indeterminate range (0.2-100 ng/mL) of FNAB-Tg values. These 
results need additional confirmation under different laboratory conditions. 
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INTRODUCTION 



Ultrasound (US) and US-guided fine needle aspiration biopsy (US-FNAB) are 
well-known trustworthy diagnostic tools for cervical metastasis of differentiated 
papillary thyroid cancer (DPTC) by preoperative cytological analysis and recur- 
rence after thyroid surgery. 1 4 Moreover, in addition to fine needle aspiration biop- 
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sy cytology (FNAC) examination, thyroglobulin (Tg) mea- 
surements from FNAB washout fluid have been reported as 
an important supplemental tool for diagnosis of metastatic 
thyroid cancer with excellent diagnostic performance. 2 ' 3 ' 5 " 18 
However, various threshold Tg values have been report- 
ed. 2 ' 3 ' 5 " 1416 17 That is because Tg values are represented as a 
wide range in metastatic and nonmetastatic lymph nodes 
and the different techniques of FNAB-Tg measurements 
were used with different analytical and functional sensitivi- 
ty 3,6,8-11,13,14,17 -^/g SU gg es ted 10 ng/mL as a positive (meta- 
static lymph node) reference or 1 ng/mL as a negative refer- 
ence (nonmetastatic lymph node) for the threshold value. 3 
In cases of Tg values lower than 10 ng/mL, recommenda- 
tion by clinical occasion and imaging was proposed. 3 How- 
ever, in a previous study, 3 there were too few cases with in- 
determinate Tg values covered between nonmetastatic and 
metastatic lymph nodes to verify the statistical significance 
of diagnostic potential. To the best of our knowledge, re- 
search into the diagnostic performance of Tg measurement 
in a large series with an indeterminate range (0.2-100 ng/ 
mL) has rarely been reported. 

Therefore, in this study, we intended to compare the fre- 
quency of metastatic and nonmetastatic lymph nodes diag- 
nosed by FNAC and FNAB-Tg in an indeterminate range 
(0.2-100 ng/mL) and to identify the most appropriate thresh- 
old value of FNAB-Tg. 



MATERIALS AND METHODS 



The institutional review board approved this retrospective 
observational study and required neither patient approval 
nor patient informed consent for the review of their images 
and records. 

Patients 

From January to December 2008, 691 consecutive patients 
underwent FNAB and FNAB-Tg measurement for suspi- 
cious metastatic cervical lymph nodes of papillary thyroid 
carcinoma at our institution. Informed consent was ob- 
tained from all patients before FNAB. 

Indeterminate range of FNAB-Tg measurements 

In the published literature, there were no known false posi- 
tives with Tg levels higher than 100 ng/mL. 2 3 6 1417 As such, 
the positive predictive value was 100% with Tg levels higher 
than 100 ng/mL, so we included the Tg levels lower than 100 



ng/mL in nonmetastatic lymph nodes. 3 - 7 The lowest limit of 
the Tg measurement was designated as 0.2 ng/mL for ana- 
lytical sensitivity and as 0.7 ng/mL for functional sensitivi- 
ty, calculated with the imprecision profile for a coefficient 
of variation equal to 20%. 

Of all 691 patients with 702 lymph nodes, 557 lymph 
nodes in 554 patients were excluded because they had higher 
(>100 ng/mL) or lower (<0.2 ng/mL) Tg values. Fifty lymph 
nodes in 45 patients from 145 lymph nodes in 137 patients 
were also excluded due to the absence of histologic confir- 
mation. Finally, 95 lymph nodes in 92 patients made up this 
analysis. All 92 patients had no prior surgery with cytologi- 
cally confirmed papillary carcinoma. 

Imaging evaluation and ultrasound-guided fine needle 
aspiration and Tg test 

US evaluation of cervical lymph nodes was undertaken us- 
ing a 7- to 15-MHz linear array transducer (HDI 5000; 
Philips Medical Systems, Bothell, WA, USA) and a 5- to 
12-MHz linear array transducer (iU22; Philips Medical 
Systems). Compound imaging was performed in all cases. 

We performed US-FNAB of lateral lymph nodes with 
US features suspicious for metastases at our institution. 
Suspicious US features of lymph nodes included the loss of 
fatty hilum, cystic change, calcification, hyperechogenicity 
(higher echogenicity than the surrounding muscles), and 
round shape (long/transverse diameter ratio <1.5). 2 19 23 How- 
ever, we did not perform US-FNAB of central lymph nodes 
with suspicious US features in patients who were scheduled 
for thyroidectomy because routine central lymph node dis- 
sections were performed at the time of thyroidectomy. 

US-FNAB was performed by one of three radiologists, 
K.E.K., K.J.Y., and K.M.J., who have 10, 6, and 4 years of 
experience in thyroid imaging, respectively, and who were 
aware of the patients' clinical history. US-FNAB was per- 
formed with a 23 -gauge needle attached to a 2-mL dispos- 
able plastic syringe. Each lesion was aspirated at least twice. 
The materials obtained from FNAB were smeared on glass 
slides. 24 All smears were placed in 95% alcohol for Papani- 
colau staining and the remaining aspirates in the syringe 
and needle were rinsed with normal saline and 1 mL of rinsed 
washout was submitted for Tg measurements (FNAB-Tg). 
Positive cytology was defined as a metastatic lymph node 
of thyroid carcinoma, and negative cytology included be- 
nign cytology such as reactive lymph nodes or other benign 
lymphadenitis and paucicellular cytology due to insuffi- 
cient material. 23 
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Tg was assayed with a monoclonal antibody immunora- 
diometric assay (IRMA; CIS Bios international, Gif-surv- 
Yvette, France). FNA washout samples were not assayed for 
Tg autoantibodies because previous studies have reported 
that FNAB-Tg measurements were not affected by serum 
autoantibodies. 1011 17 The smallest detectable Tg concentra- 
tion different from zero with a probability of 95% was desig- 
nated as 0.2 ng/mL. The diagnostic performances of multiple 
Tg levels (0.7, 1.0, 5.0, 10.0, 20.0, 50.0) were evaluated. 

Surgical protocol and histopathological analyses 

When cytology results revealed positive cytology in lymph 
nodes, an unilateral modified neck dissection was per- 
formed as the initial thyroid surgery. However, a selective 
frozen section was performed as the initial thyroid surgery 
in patients with lymph nodes with suspicious US features 
but negative cytology. A selective dissection was done in 
patients who had already undergone a total thyroidectomy. 

We evaluated the final results of the aspirated lymph nodes 
in a level-by-level analysis, and compared them to the pa- 
thology reports. On pathologic results, positive lymph nodes 
were defined as metastatic and negative lymph nodes were 
denned as nonmetastatic. 

Statistical analyses 

The reference standards were set by the pathology results 
of the lymph node dissection. The Chi-square test was used 
to compare the frequency of positive and negative lymph 
nodes diagnosed by FNAC and by FNAB-Tg in an indeter- 
minate range (0.2-100 ng/mL) when the threshold value was 
designated as 10 ng/mL as suggested by prior studies. 3 ' 910,17 
The statistical difference in Tg measurements of metastatic 
and nonmetastatic lymph nodes in the final diagnosis was 
assessed by Wilcoxon rank-sum test because these mea- 
surements had no normal distribution. The diagnostic per- 
formance, including sensitivity, specificity, accuracy, posi- 
tive predictive value (PPV), and negative predictive value 
(NPV), was evaluated. Receiver operating characteristic 
(ROC) curve analysis was performed to assess the appro- 
priate threshold value of FNAB-Tg levels for multiple diag- 
nostic threshold values of Tg. The area under the ROC curve 
(AUC) and the 95% confidence interval (CI) were also cal- 
culated. If the given Tg value was larger than the respective 
threshold Tg value, it was deemed a positive Tg value. 

Using the generalized estimation equation method, the 
diagnostic performances (sensitivity, specificity, accuracy, 
PPV, and NPV) of each threshold value mentioned above 



were compared. Each Tg threshold value was then compared 
with the threshold value with the highest AUC in diagnostic 
performances. Statistical differences between AUC values 
were evaluated by the method from the DeLong, et. al. 25 re- 
port. Statistical analyses were conducted with SAS version 
9. 1 (SAS Institute Inc., Cary, NC, USA). 



RESULTS 



FNAC/FNAB-Tg vs. final diagnosis 

On FNAC, seventy-eight lymph nodes had negative cytolo- 
gy and seventeen lymph nodes had positive cytology. Upon 
final diagnosis, 42 (44.2%) lymph nodes were metastatic 
and 53 (55.8%) lymph nodes were nonmetastatic. In nega- 
tive cytologic results, the frequency of metastatic lymph 
nodes was 32.1% (n=25) and that of nonmetastatic lymph 
nodes was 67.9% (n=53); in positive cytologic results, they 
were 100% (n=17) and 0 % (n=0), respectively (pO.OOOl). 
Of the 78 cases with negative cytology, 25 cases (32%) were 
confirmed as metastases by surgery. Fourteen (56%) among 
these 25 had negative cytology, and the remaining eleven 
cases (44%) had paucicellular cytology deemed as negative 
cytology. The diagnostic performance of FNAC was as fol- 
lows: sensitivity, specificity, PPV, NPV, accuracy, and AUC 
were 40.5, 100, 100, 67.9, 73.7, and 0.70 (95% CI, 0.6273- 
0.7775), respectively. 

Tg levels of metastatic and nonmetastatic lymph nodes 
upon final diagnosis are shown in Fig. 1. The AUC is 0.799 
(95% CI, 0.7063-0.8949). The value of FNA-Tg ranged 
from 0.22 to 90.9 ng/mL in metastatic lymph nodes (mean, 
34.3±33.3 ng/mL) and 0.20 to 56.7 ng/mL in nonmetastatic 
lymph nodes (mean, 4.9±11.1 ng/mL). There was a signifi- 
cant difference between metastatic and nonmetastatic lymph 
nodes (/?<0.0001). 

Comparison of diagnostic performances 

Table 1 shows the diagnostic performances in six diagnos- 
tic threshold values of FNAB-Tg. 10.0 ng/mL of FNAB-Tg 
had a good diagnostic performance with sensitivity, speci- 
ficity, and accuracy as 59.5, 86.8, and 74.7, respectively, 
with 0.73 of AUC (95% CI, 0.6435-0.8197). The most ex- 
cellent diagnostic performance was displayed in 5.0 ng/mL 
of FNAB-Tg with 0.76 of AUC (95% CI, 0.6731-0.8476), 
sensitivity, specificity, and accuracy as 69.0, 83.0, and 76.8, 
respectively; however, it was not significantly different from 
10.0 ng/mL and 20.0 ng/mL in terms of sensitivity, specific - 
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Fig. 1. Thyroglobulin concentration from fine needle aspiration biopsy washout fluid (FNAB-Tg) and final diagnosis. (A) The distribution of FNAB-Tg values is 
displayed according to the final diagnosis of 95 lymph nodes. The mean value of FNAB-Tg is 35.09 ng/mL in metastatic lymph nodes and 4.87 ng/mL in non- 
metastatic lymph nodes. (B) Receiver operator characteristics for FNAB-Tg in this study. The area under the curve is 0.799 (95% confidence interval 0.7063- 
0.8949). 

Table 1. Diagnostic Performances of FNAC and Various FNAB-Tg Threshold Values in 95 Proven Lymph Nodes with Indeter- 
minate Levels of FNAB-Tg 



Diagnostic 






With FNAB-Tg alone 






performance 


Sensitivity 


Specificity 


PPV 


NPV 


Accuracy 


AUC (95% CI) 


FNAC 


40.5(17/42) 


100 (53/53) 


100(17/17) 


67.9 (53/78) 


73.7 (70/95) 


0.70 (0.6273-0.7775) 


FNAB-Tg (0.7) 


80.9 (34/42) 


49.1 (26/53) 


55.7 (34/61) 


76.5 (26/34) 


63.2 (60/95) 


0.65 (0.5593-0.7407) 


FNAB-Tg (1) 


80.9 (34/42) 


52.8 (28/53) 


57.6 (34/59) 


77.8 (28/36) 


65.3 (62/95) 


0.67 (0.5783-0.7595) 


FNAB-Tg (5) 


69.0 (29/42) 


83.0 (44/53) 


76.3 (29/38) 


77.2 (44/57) 


76.8 (73/95) 


0.76 (0.6731-0.8476) 


FNAB-Tg (10) 


59.5 (25/42) 


86.8 (46/53) 


78.1 (25/32) 


73.0 (46/63) 


74.7 (71/95) 


0.73 (0.6435-0.8197) 


FNAB-Tg (20) 


52.4 (22/42) 


96.2 (51/53) 


91.7(22/24) 


71.8(51/71) 


76.8 (73/95) 


0.74 (0.6623-0.8237) 


FNAB-Tg (50) 


35.7(15/42) 


96.2 (51/53) 


88.2(15/17) 


65.4 (51/78) 


69.5 (66/95) 


0.66 (0.5819-0.7375) 



FNAC, fine needle aspiration cytology; FNAB-Tg, thyroglobulin concentration from fine needle aspiration biopsy washout fluid; AUC, area under the curve; 
PPV, positive predictive value; NPV, negative predictive value; 95% CI, 95% confidence interval. 
The numbers in parentheses indicate the numbers of cases. 



ity, accuracy, PPV, NPV, and AUC (p>0.05). Between com- 
parison with Tg threshold 10 ng/mL, the specificity and 
PPV of 0.7 ng/mL and 1.0 ng/mL were significantly lower 
and the sensitivity of 0.7 ng/mL and 1.0 ng/mL was signifi- 
cantly higher (p<0.05). The accuracy of 0.7 ng/mL was sig- 
nificantly lower (/?<0.05). The sensitivity and NPV of 50.0 
ng/mL were significantly lower (/?<0.05). In the AUC, there 
was no significant difference between 10 ng/mL and other 
Tg values. Compared to the Tg threshold of 5.0 ng/mL, which 
had the highest AUC, the specificity, accuracy, PPV, and 
AUC of 0.7 ng/mL and 1.0 ng/mL were significantly lower 
(/?<0.05). The sensitivity and NPV of 50.0 ng/mL were sig- 
nificantly lower (p<0.05). 
Among the 78 cases with negative cytology, 25 cases were 



confirmed as metastases upon final diagnosis (32%). In these 
25 cases, FNAB-Tg ranged from 0.22 to 88.34 ng/mL. Al- 
though seven cases were categorized as a negative Tg value by 
all six threshold values, 13 cases (52%) were categorized as a 
positive Tg value by 10 ng/mL, 15 cases (60%) by 5 ng/mL, 
18 cases (72%) by 0.7 or 1 ng/mL, and eight cases (32%) were 
categorized as a positive Tg value by all six threshold values. 



DISCUSSION 



Taking Tg measurements from FNAB washout fluid was 
proposed by Pacini, et al. 16 for the early detection of cervi- 
cal lymph node metastases in DPTC, and they reported that 
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its use in combination with FNAC had better diagnostic 
performance than FNAC alone. 5 ' 41617 Many studies have 
reported an increased sensitivity of FNAB-Tg. 5 14 16 17 FNAB- 
Tg could contribute especially to the diagnosis of poor cel- 
lular material obtained from cystic metastasis. 12 However, 
various threshold values have been suggested, 2 3 64416 17 part- 
ly because the indeterminate Tg ranged cases (0.2-100 ng/ 
mL) showed a prevalence too low to provide statistically 
significant results. Tg also can be detected in FNAB wash- 
out fluid from even nonmetastatic lymph nodes in the pres- 
ence of a thyroid gland and Tg can have a wide range in 
nonmetastatic and metastatic lymph nodes. Moreover, vari- 
ous techniques of FNAB-Tg assay were used with different 
analytical and functional sensitivities. 3 8 111417 

Although one study 3 included the largest numbers of pa- 
tients among the published literature, there were only 22 
cases (13.1% of 168 cases) with indeterminate Tg values, 
which may be covered between nonmetastatic and metastatic 
lymph nodes to verify the statistical significance of diag- 
nostic potential. In the published studies, it is difficult to es- 
timate the exact number of cases with an indeterminate 
range of Tg values in each study. However, the current study 
included more than four times the number of cases with an 
indeterminate Tg range than the prior study 3 with the larg- 
est population among all those published on this subject. 3 8 

In most prior studies of the wide range of FNAB-Tg, the 
mean+2 standard deviation, 310121416 the mean+standard de- 
viation, 11 10 ng/mL, 3 ' 91017 and more than serum Tg 2 - 3 - 7 8 have 
been reported as threshold values that differentiate nonmet- 
astatic from metastatic lymph nodes. Only one study re- 
ported 1 ng/mL as a threshold value, 6 and another designat- 
ed it as 0.9 ng/mL. 13 However, these studies covered a wide 
range of FNAB-Tg including over 100 ng/mL. 3 6 ' 8101417 
The cutoff values suggested were determined by the ex- 
treme end of the wide spectrum of FNAB-Tg values rather 
than the indeterminate values. 

In Kim, et al's. 3 report, the Tg threshold value was sug- 
gested as 10 ng/mL to differentiate nonmetastatic and meta- 
static lymph nodes. With a large series of indeterminate 
ranges, 5 ng/mL showed the highest AUC (0.76; 95% CI, 
0.6731-0.8476) and there was no significant difference 
from 10 ng/mL; however, three levels including 0.7, 1.0, 
and 50.0 ng/mL were not recommended due to low AUC 
and sensitivity. In the present study, the overall AUC of 
FNAB-Tg was 0.799. This result was not so high compared 
to the AUC (0.955-0.999) of the previous studies. 3 - 6 This is 
because the Tg measurements of the present study only in- 



cluded an overlapped range between nonmetastatic and 
metastatic lymph nodes. However, a Tg value with less 
than 0.2 ng/mL and more than 100 ng/mL can be straight- 
forwardly classified as nonmetastatic and metastatic lymph 
nodes, respectively. Therefore, if the aforementioned ranges 
(<0.2 ng/mL and >100 ng/mL) were included, the AUC 
would be much higher than in the previous studies. 3 - 6 

There were limitations to this study: first, there was no 
evaluation of diagnostic accuracy when the prespecified 
threshold values were combined with FNAC or directly 
compared with FNAC. We did not include the combination 
with FNAC because it can affect the diagnostic accuracy of 
FNAB-Tg. According to published reports, 2 - 3 - 5 ' 810 " 14 16 when 
FNAC was combined with FNAB-Tg, its sensitivity was 
increased to 96-100%. However, we would like to focus on 
assessing the complementary role and appropriate cutoff 
value for FNAB-Tg itself. Second, we did not compare the 
metastatic lymph nodes with higher FNAB-Tg and those 
with intermediate or lower FNAB-Tg. Further study of the 
details of the histology or prognosis of the metastatic lymph 
nodes at this level of FNAB-Tg value will be necessary to 
overcome this limitation. Third, even though we used 1 mL 
rinsed washout with normal saline, there may be a difference 
in the delicate diluted concentration of the washout. A more 
accurate quantitative analytic method should be developed 
to compensate for this limitation. Fourth, even though a re- 
cent study 17 using measurements of FNAB albumin report- 
ed interference by the serum Tg can be negligible to FNAB- 
Tg results. However, this report 17 showed much higher levels 
of FNAB-Tg measurements than did the present study. The 
negligibility of interference by the serum Tg in the low or in- 
termediate FNAB-Tg measurements in this study must be 
solved by further investigation. Lastly, our study was retro- 
spective, and we recruited cases with histologic confirma- 
tion, so we could not evaluate changes in surgical strategy 
based on FNAB-Tg results and also did not correlate or 
compare FNAB-Tg with corresponding serum Tg levels. 
Further study will be necessary to clarify these limitations. 

In conclusion, we ascertained that 5 ng/mL had the most 
excellent diagnostic performance among FNAB-Tg levels 
in the present setting with a large series with an indetermi- 
nate range (0.2-100 ng/mL) of FNAB-Tg values. However, 
these results also need additional confirmation under differ- 
ent laboratory conditions, because there were no significant 
differences between the results for 5 and 10 ng/mL. Neck 
node dissection should be considered when FNAB-Tg is 
higher than this threshold value, regardless of FNAC results, 
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to improve sensitivity and maintain specificity of FNAC. Ad- 
ditionally, US features predicting lymph node metastasis 
also deserve consideration in the appropriate interpretation 
of lymph node metastasis. 
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